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MEMORANDUM 
f u r  the r 

FOR AERONAUTICS 

c I 



for the 

Bureau of Aeronautics, Navy Dspsrtmsnt 

SUMMARY 



INTRODUCTIOI? 

The B u r e a ~  of Aeronautics, Navy Department, requested w i n g -  
oporation t e s t s  02 the Chance-V'ou&t F4U-lD afrplane t o  be made in 
t k o  Langl-0~ full-scalo tunnel. These t e a t s  ware occasionad by tho 
reporta frm a i r c r a f t  carriers that difffculty w a ~  erpnriencod in 
spreading and foldjng t h ~  wings of the sub jack airplane tn high 
winds. The investigation  called for a bete.lizinaticm of t he  air- 
Bpceda and yaw angles c r i t i c a l  f o r  both %--eproading and wing- 
folding, & ale0 eimple modification8 which would offer 
improvement6 toward win@;-spread operation. 

Thie report prseents a correlation between hydraulic prassure 
wad 1mds in t h e  wing-folding a t r u t s  ovar tho camplete operating 
m n g e  of both wings. The correlation Includes a yaw-angle r w e  of 
f r a  -450 to 300 ash a range of tunnel airspee& from 0 b o t e  to 
the alrepeed at which the upatream wing rofwod tCsprsad. 

Since the tbe in te rva l  necessary f o r  succeesful wing operation 
I s  ELXI Smportmt consideration, survey 02 thc time required to fold 
and epread t he  wbge f o r  various cambinatirme of yaw angle, air- 
RDeod, and hydraulic preasure ib presented. 

Later, t e s t e  were conducted on mother F4U-lD alrplane incor- 
poratfng  modifications msde to improve wing-spread operation. 
I!ese".tosts involved cmlg  the determination of awapeeds and yaw 
Rngles cr i t ica l  for wfng-spread operation, and tfme masurements 
for wing pesTormmce. 



0-rigina.l Service Hydraulic Systm 





For the s p r e a d i ~  operatian tke flow af o i l  mverses. The 
wing-operating eelector valve is placed In the epread position and 
the o i l  enters a fixed rastrlctor that reetricta both the Ilow of 
o i l  from the wing-operating cylinder during a f o l d k g  operation, 
and the flow in to  the cylinder sur- spreading. Fram the 
restrictor the  oil enters the spreading prt of' .the wing-opwating 
cylSndsr ma, in a manner similar to f a l u n g ,  mvee the w i q y  into 
the spread position. The e;?readbg operatioo differs from the 
folding in that as the x- assum38 the qmad position, a sequence 
valve, ahown in figure 6(s), €8 e e t  into operatian and erllms the 
ail to enter port D Cce the pin-pulling cylinder forcing the 
lock- pir into its extended position. The MTng ie thus locked 
m d  the operation is c a p h t e d .  The eequence valve prevent8 the 
-x--hinge pln from exbndlng until the w3ng has cmpletely epread. 
As before in ~e case of the folding operatfop, the o f 1  forced 
f ra  the wing-aperat- cylinder during wing movement IS raturned 
to ths hydraulic resmir. 



Inetmtmntation 
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XU the b a t e  ware made with *e airplane mmted  in a t h i e -  
point attitude on a s i m t e d  ca r r i e r  deck constructed flush with 
the lower l i p  crP the tunnel entrance cone. The t e e t s  closely 
du2licated c m i e r  operatian; sfncs mdsr actual conditfcma *e 
w3nd pas t  the win& I s  a cambination of' the propeller alipetrsam 
md the carrier's speed into the wind.  



Tests of Modified A m l a n o  
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At the start af 8 folding operatian, the action of the oil 
agalnst the outward face of the operating p i a m  producee a 
compression loa& in the w i n g - f o l d i n g  s t r u t .  The load remains a 
compression value until the wing folds beyond vertical whereupan ft 
rev~rses t o  a tamion value. This load occurs since the o f l  fn t h e  
operat- cylinder far w i n g  movement from vertica;t to full-folded 
position 18 acting to retard the free fall of' the wing in the 
Wect ion  of the fuselage. 



12 

c 



1.3 

The loads at the start of the operation showed a trmd toward 
low?r corq~ression values with increaee Fn airspeed; however, 
considarable Increase In tenaim load valuea occurred aB a result 



(2) In genorel, w i t h  airplane yawed, the d r  etroam retards 
the fold.ing oyeration of the doyatrean wing. A. colpptlrison of tha 
p r s e m  results a t  variable airspeeds with those ett zero airepeod 
&ma that, w i t h  t h e  exception of zero yaw, the folding aporatlon 
required loss pressure at higher a5repsedS until the wing reached 
r3 cl.;rtain position. This mduction of pressure resul ted  from m r o  
favorable aerodyaamfc loading with increaeo in airepeed; but, f o r  
w i n g  movemnt beyond the above mentioned potnt,  the aerodynam5c 
loading revcrsed and ceused & pressure fncraaee over that required 
f o r  static operetion. Thie asrodynmdc  chezacteristlc l i k 6 W i i 3 0  
nppemad 3.n the load resnlta of the wing-actuating s t r u t .  
F f p 3  l3(a) show that, for 30° yaw, thie reversal  of a r r o d p m i c  
7.oading occurred when the wing reached a position approximately kOo 
frm the 'horizontal .  Tho reversal appeared at lmr  w i n g  positicxna 
f o r  the highor y t w  angles. Ae yaw decraasad, t h e  wlng appearsd to 
r o t a i n  ifx l i f t i n g  power f o r  s u c c e e e f ~ ~ ~ l y  hieher wing posi t ims;  
a t  00 yaw, the winddpparentlg aided the ontire foldFng operation. 

(3) Tho effect  of wind on t h o  sprmding of tho upstroam wing 
has proviouely been show in f i g " o  12, where the load  necesaary to 
stwt w i n g  spread incrcasod rapidly w i t h  iqcroe+e in .airspeed and 
yaw angla. Maxbmm prcasure far all yaw poai.t;ions was requfrod t o  
s t a r t  w i q  spread cnd~succeselvoly greatm stwting preasuros mro 
required as airspeed increaaed. Wing operetion, af ter  the w i n g  
mved beyond vertical ,  was aided by t h e  downwmd weight-mcanont of 
tho wSng cind, consequently,  required loss  pressure. F i g ~ r ~ l e  14(b) 
ttnd 15(b) show maults whore wing operation raquired tho action of' 
the preseura regulator. The pressure and load values given in all 
ca~3ea for refusal operatim were the  maximm valuee obtained in 
atteqt1n.g t o  spread the wing. 
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WACA RM No. 16~26 

Figure 2. - Concluded. 

(b) Side  view. 

Figure 3.  - The FkU-U) airplane at -4'Ja yaw. 

(a) Top view, uinga shown in opread poeition. 

Figure 3 . -  Concluded. 

Figure 6 - Wing-operating mchania of the F4U-D airplane; wing 
in the folded position. 

Figure 9. - Actual valuee showing boch the .looad variations in the 
wing-folding strut8 f o r  the typical t e s t  recorda preeented In 
figura 8, and a380 the variation of the hydraulic pressum and 
wing position  with time for the B ~ M B  test conditions. 
F4U-1D airplane. 

(a) Typlcal folding operation (Teet record 1) : 20° yaw, 
33 knots, 1100 p s i  regulator setting, rockets . a n  downstream 
wing only, full ammunition load, or ig ina l  aileron linkages. 
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(d) ~IcECL fobiilng op r s t ion  (Test record. 4).: Oo.yaw, 
45 knots, 1450 p s i  re-tor se tting, rockete remov~d, full 
amunition load, madif ied silsron 13nEoagsa. . 

F1gul.e 9. - concluded. 

( e )  Typical spreading operat ion (Test record 5 )  : 0' yaw, 
43 knots, 14% psi regulator setting, rockets .remom&, full 
ammunition load, rnodSie'd. aileron linkages. 

Figure 10.- Variation of effective arm with wing poeition. 
F4U-!lD airplane'. 

Figure 11.- Variation of approximate etat ic  load Is wing-folding 
etrut with wingpod i t ion .  FkJ-1D airplane. 

Figure 12. - Variation with angle of yaw and airspeed of the 
average load in the folding Btrut of the Uprktwuu wim 8t the 
ate t r t  of the spreading operation. F4U-3D alr-phne. 

(a) Folding operation. 

Figure 13 . -  Concluded. . .  

(b) Spreading operation. 

. 
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Figure 14.- Variation of hydraulic gresl3ure and load in the wing- 
folding struts with w i n g  P O ~ I ~ ~ O R  for 20* yaw; 1450 psi regulator 
eett ing,  mcdif'ied aileron l i m e ,  rockets on downetream wing 
only, f u l l  amnunition load. F4U-U airplane.  

(a) Folding operation. 

Figure 14. - Concluded. 
(I) Spreading  operation. 

Figure 15.- Yaria+,ion of hydraulic pressure and load i n  the wing-  
folding stmte xi th wing posit ion for 15' yaw; 1450 psi regU&3tor 
Betting, modifled aileron  l inkages,   rockets on dcmstrearu wing 
only, ful l  ananunition load. BrU-lD airplane. 

(a) Folding  operation. 

Figure 15.- Concluded. 

(b) Spreading operation. 

Figure 16.- Variation of hydrsulic pressure and'load in the Wing- 
folding smuts with wing poeition for loo  yaw; 1350 psi l-egulsltor 
88 tting, modff led aileron linkages, rocke te m downstman w i n g  
only, ful l  ammi tion l a d .  FkT-SD aiql&ne. 

(a) Foldixq opera tion. 

F'igure 16. - Concluded. 

(b) Spreading  operation. 

Figure 17.- Variation of hydraulic pressure and load i n  the whg- 
folding struts with wing position for  00 yaw; 2450 pai  regulator 
Betting, modified  aileron Ifnkages, rockets remclved, full 
ammunition load. F4U-U) airplane. 

' .(a) Folding operation. 

Figure 17 - Concluded. 
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FI- LEGEXUS - Concluded 
NACA RM Ha. IbE26 

Figure 18.- Variation of hydraulic pressure and load in the  wing-  
folding a tmts with wine posit ion for -loo. yaw; 1350 p s i  
regulator settFng, modifiod aileron linkagsa, rockets on 
downstream wing only,  ful l  ammunition loai l .  F4U-U) airgZane. 

(a) Folding operation. 

Figure 18.- Concluded 

(b) Spreadfng operation. 

Figure 19.- Variation of hydraulic pressure and load in the wing- 
folding struts with wing posltfon f o r  -20' raw; 1350 pel  regul.ator 
88 t t ing,  or iginal   a i leron lFnh;Sgos, rotskete on dometream wing 
only, f u l l  m i t i o n  load. F4U-U3 aiqlane . 

(a) Folding operation. 

Figure 20. - Variation of hydraulic PmSSUre and load in the Wing- 
f oldfng etruta with wing paeltion for -30° yaw; 1350 psf regulator 
setting, original  ai leron linkages, rocket6 on downstream wing 
only, full amuurnition load. F4u-m a". 

(a) Folding o p r a t i o n  . 
Figure 20. .. Concluded. 

(b 1 Spreading operation. 

Figure 21.- VariatLon of hydraulic preesure and load in the wing- 
folding struts with wing position f o r  -45O yaw; 1350 pei  regulator 
setting, original aileron linkages, rockets on downertream wing 
only, full ammunition load. F4W-m a i r p l m e .  

(a) Folding operet t ion.  

(b) Spreadiw operation. 
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(a) TOP view, wings shown in spread position. 

Figure 3.- The F4U-lD airplane at -46' yaw. 
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(b) Top view, wimp shown in folded position. 

Figure 3.- Concluded. 
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A Hydraulic reservoir 

B Accumulator 

C Regulator 

D Filter 

Fig. 5 

Figure 5.- General view showing in part the service installation of the 
F4U-ID airplane hydraulic system directly aft of the engine. 

NATKINU MYIWRY c o w m  F ~ R  *UIQWAUTKS 

L-EY UEYORUL AERONAUT~CAL u e a t w a R y  - LANGLEK FIELD. MA. 
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(a) View showing folding strut and strain (b) View showing folding strut and track 
gage installation A , pin-pulling installation in the outer wing panel D . 
cylinder B , sequence valve C 

Figure 6.- Wing-operating mechanism of the F4U-lD airplane; wing 
in the folded position. 

RATIONAL A D W S W  COYUITTLE FOR AEROWAUTK.9 

LANDLIY UEUOlllAL ALRONAUTKAL LABORATORY - LAWLEY FIELD VA 
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Figure 7.- C e t a i l  view o f  t h e   w i n g - f o l d i n g  s t rut  w i t h  s t ra in  g a g e   i n s t a l l e d .  
P4U- 1D a i  r p l a n e  
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Fig. 8 

L Opera fing f i m ,  30.5xcOnd~ 4 
Spread Indicafed air speed, 33 knok Fo id 

1 ?O * 

Or/glnol a,lcron IinkoyeJ 
11OOpsi. regulator Jcfftng 
RockefJ on dbwnstreum win9 on& 
Full ammunitJon load 

0" 



e e e  
e. 

(a) T ical folding  operation (Test record 1): 
20 T yaw, 33 knots, 1100 psi  regulator setting, 
rockets on downstream wing only, ful l  
ammunition load,  original  aileron  linkages. 

Figure 9. - Actual values showing both the load variations  in the wing- 
folding struts  for  the typical test  records  presented in figure 8, and 
also the variation of the hydraulic pressure and wing position with 
time for the same test conditions. F4U-lD airplane. 
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NACA RM No. L6H26 Fig. 9b 

(b) Typical spreading  operation (Test record 2): 
20' yaw, 33 knots, 1100 psi regulator setting, 
rockets on downstream wing only, full 
ammunition load, original aileron linkages. 

Figure 9.- Continued. 



NACA RM No. L6H26 Fig. Be 

(c) Typical spreading operation (Test record 3): 20° yaw, 35.6 knots, 1100 psi regulator setting, 
rockets on downstream wing only, ful l  
ammunition load, original aileron  linkages. 

Figure 9.- Continued. 
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NACA RM No. L6H26 Fig. 9d 

(a) Typical folding operation (Test record 4): 
Oo yaw, 45 knots, 1450 psi regulator setting, 
rockets removed, f u l l  amrnun%ion load, 
modified aileron linkages. 

Figure 9. - Continued. 
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NACA RM No. L6R26 Fig. 9e 

(e) Typical spreading operation (Test record 5): 
Oo yaw, 45 knots, 1450 psi regulator setting, 
rockets  removed, full ammunition load, 
modifid aileron linkages. 

Figure 9.- Concluded. 



Figure 10.- Variation of effective arm with wing Position. 
F4U-lD airplane. 
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Figure 11.- Variation of approximate static load in wing-folding strut 
with wing position. F4U-1D airplane. ' 
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Left wing .II Righf wing 
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Figure 13- 

Angle of wing rotation  from horizontal, degrees 
(a)- Folding operafion 

Variation  of  hydraulic pressure and load in the  wing-folding struts with 
wing Position for 30" yaw; 1450 psi regulator setting, original  aibon 
linkages, rockets on downstream  wing only, full  ammunition load. 
F4 U- I D  airplane. 

NATIONAL ADVISORY 
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L e  f f  wing R i g h t  w i n g  

Fig. 13b 
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Angle of wing rotation from horizontal, degrees 
(b)- Spreading operation 

Figure i3- Concluded 
NATIONAL AWIsoRy 

COWMITTEE FoI m H m K S *  



NACA RM No. L6R26 

Leff wing  Righf wing 

Fig. 14a 
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Figure 14.- 

40 6b 8b IO0 I20 0 2'0 4'0 60 8'0 Id0 IhO 

Angle of wing ro fafion from horizonfal, dqrees  
(ol- Folding  operation 

Variotion of hydraulic pressure and load  in the  wing-folding sfruts with 
Wing position for 20" yaw; 1450 psi regulator Setting, modified aileron 
linkages, rockets on downstream wing only, full  ammunition load. 
F4U- I D  airplane. 

NATIONM ADVISORY 
COHHlTlEE FOI AERONAUTICS. 
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(b)- Spreading operation 

Figure f4.- Concluded 
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Left wing Righf wing 
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Figure 15.- 

Angle of wing rofafion from horizonfal, &grees 
(a)- Folding  operation 

Variation  of  hydraulx pressure and load  in the wing-folding sfruts with 
wing position for 15" yaw; 1450 psi regulator setting, modified aileron 
linkages, rockets on downsfreom  wing only, full  ammunition load. 
F4 U- I D  airplane. 

NATIONAL ADVfSORY 
COllMTTEE FOR NROHALJTKS. - 
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Angle of wing rotation f rom horizontal, degrees 
(6)- Spreading operation 

Figure 15.- Concluded 
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MACA RM No. L6H26 Fig. 16a 
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Figure- 16.- 

40 60 80 100  120 

Angle of wing rofafion from fmriz5nfa1, degrees 
(a)- Folding operation 

Variation of hydraulic pressure and load in the wing-folding struts with 
wing position for IO" yaw; 1350 psi regulator setting, mdified aileron 
linkages, rockets on downstream wing only, full  ammunition load. 
F4U- ID oirplane. - COEHlTlEE FOR AEROHAUTKS. 
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Angle of wing rotation from horizontal, degrees 
(b)- Spreading operat ion 
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NACA RNI No. L6H26 Fig. 17a 
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Figure 17: Variation of hydiaulic pressure and load in the wing-folding struts with 
wing position for 0" yaw; 1450 psi regulator sefting, modified ailen>n 
linkages, rockets removed full ammunition load. 
F4U- I D  airplane. 

NATIONAL ADVISORY 
CO#lHllTE€ FOR MRONAUTKS. - 



. 0.. . 
0 .  MACA RM No. LSH26 Fig. 17b 

L e f t  wing -L R i g h t  wing 

400 

200 

0 
120 1 0 0  80 60 40 x) 

Posltlve Negotfve 

1 2 o o o  
l o o 0 0  
8ooo 
6000 
4ooo 
Zoo0 
0 

2OOo 
4Ooo 
6000 
8000 

120 t o 0  80 60 40 20 

Angle of wing rotation from horizonfal, degrees 
(b)- Spreading operation 

NATIONAL ADVISORY 
figure 177 Concluded CQ"TTEE F a  hEROuAUTKs. 



NACA RM No. L6H26 
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Fig. 18a 

Angle of wing r o  fafion from horizontal, &grees 
(a)- Folding  operation 

Variation o f  hydraulic pressure and load in fhe wing-folding struts with 
wing position for -10" yaw; 1350 psi regulator setting, mdjf ied aileron 
linkages, rockets on downstream wing only, full ammunition load. 
F4 U- I D  airplane. 

NATIONAL ADVISORY 
COMMITTEE FOI MROIAUTKS. - 
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NATIONAL ADVISORY 
Figure 18.- Conc/uded COMMITTEE FOR MRONAUTKS. 
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Angle of wing ro  fafion from horizon fa f, degrees 
(a)- Folding operofion COWWlTTEE WIT- Fo(I ADVISORY AEROMAUTYS 

Variation of hydraulic pressure and load in fhe wing-folding struts with 
wing position for -200 yaw; i.350. psi regulator setting, origlnol aileron 
linkages, rockets on downstream wing only, f u l l  ammunition load. 
F4U- I D  oirplane. - 



NACA RM No. L0R26 Fig. 19b 

L e f f  wing R i g h  f w i n g  

" 

% 

v) 
v) 

% 
2 
P 
3 

3 

'p 

120 1 0 0  80 60 40 20 I20 100 80 60 4-0 20 
Tunnel 

Posit f ve Negoffve 

I 2000 
loo00 

8Ooo 
6000 
4Ooo 
2000 
0 

2000 
4Ooo 
6000 
8000 

Angle of wing rotation from horizontal, degrees 
(6)- Spreading operation N A T I U W  ADVlsollY 

COIIHtTTEI rOr MROUUTLCS 

Figure 19. - Concluded 



PJACA RY! NO. LE326 . . . , . 

Left wing - Rigbf wing 

Fig. 20a 

12000 
10000 
8000 
6000 
4000 
2006 .. 

0- 
2000 
40m 
6000 
e000 

1400 

1200 

1000 

800 

600 

400 

200 

0 

0 20 

Figure 20.- 

Angle of wing  rotafion from horizontal, degrees 
(a)- Folding  operation 

Variation of hydraulic pressure and load i n  the wing-folding struts with 
wing position for -300 yaw; 1.350 psi regulator setting, origtnal aileron 
linkages, rockets on downstream wing only, full ammunition  load. 
F4 U- I D  airplane. - NATIONAL ADVISORY 

COWWITTEE Fm AERONAUTKL. 
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Fig. 20b 
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Fjgure 20.- Conchded 
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COMWITTEE Foll AERONAUTKS. 



NACA RM No. L0H26 Fig. 21a 
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Figure 2 1.- 

Angle of wing  rofafion from horizontal, degrees 
(a)- Folding  operation 

Variation of hydraulic pressure and load in the wing-foiding struts with 
wing position for -450 yaw; 1.350 psi regulator setting, original aileron 
linkages, rockets on downstream wing only, full  ammunition load. 
F4U- I R airplane. 

NATIONAL ADVISORY 
COHHllTEE Fm AEMIAUTICS. 
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Fig. 21b - R i g h f  w i n g  
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(b)- Spreading operation 

NATIONAL ADVISORY 
Figure 21.- Conchded COMMITTEE FOR AERONAUTICS. 
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